From a prospective study in which 24 hour recordings of the electrocardiogram and respiratory activity (abdominal wall movement) were made on a population of full term infants, 22 recordings were obtained from 16 infants who later were victims of the sudden infant death syndrome. The average heart rate, average heart rate variability, average breath to breath interval, and average breath to breath interval variability over the whole of each recording for the 22 recordings were compared with those from a control group of 324 infants selected at random from the rest of the population. No significance was found in the number of recordings from those infants who suffered the sudden infant death syndrome which lay outside the 5th-95th percentile range of the control group for the four variables studied.
Introduction
Studies of the sudden infant death syndrome, or "cot death," show that the respiratory and heart rate patterns in those babies at "high" risk of dying in this way are different from those of "low" risk babies and that these differences might form the basis for a screening test. In one study higher respiratory rates were found in babies at increased risk of unexpected death. ' In that study the scoring system developed by Carpenter et all was used to determine the risk of unexpected death. Subsequent siblings of victims of the syndrome are thought to be at a higher risk of dying suddenly and unexpectedly and a study based on this group found that respiratory rates were higher in the study group than in a control group.3 Another group of infants believed to be at risk of the sudden infant death syndrome are those who suffer an episode of hypotonia, apnoea, cyanosis, or collapse-the so called "near miss" infants. On studying these infants, a higher heart rate and a lower beat to beat variability were found immediately after the episode when compared with a control group. 4 A major problem with all previous work is that the babies studied were not victims of the syndrome, nor in most cases did they go on to die, but formed groups which are believed to be at increased risk of sudden and unexpected death. A second major problem is that the high risk state of the groups may have influenced their care, which in turn may have influenced the results. Many of the studies carried out on "near miss" infants have been performed immediately after the attack while undergoing observation in hospital. Differences found between these infants and controls may reflect the effects of the episode itself rather than any underlying difference present before the event.
In order to investigate the relevance of these findings to predicting the sudden infant death syndrome 24 hour tape recordings of the respiratory waveform and of the electrocardiogram taken from a prospective study of the syndrome have been analysed. The respiratory waveform was obtained by monitoring abdominal wall movement using a Pye Dynamics MR1O (pressure capsule) respiration monitor. The analysis was based on studying the breath to breath intervals and instantaneous heart rate values over the 24 hours. The analysis was performed completely automatically and was therefore without operator bias.
Subjects and methods
The prospective study providing the data on the sudden infant death syndrome cases and controls has been described, and only the main points are summarised here. Twenty four hour tape recordings of the respiratory waveform and of the electrocardiogram were made on 6914 full term infants. In 97", of these infants recordings were obtained in the first and sixth weeks of life. In the remainder a single recording was made in the third week of life. Most of the recordings made after the first few days of life were performed in the infant's own home. Of this group of infants, 13 subsequently died with a necropsy diagnosis of sudden infant death syndrome. tape speed variations. The techniques used for determining the time interval between breaths are based on detecting "peaks" and "troughs" in the respiratory waveform, the amplitudes of which must exceed a certain "threshold" before a breath is detected." The threshold used was determined from the amplitude of breaths during the preceding 60 seconds of respiratory waveform. The time interval between breaths was taken as the period between the half amplitude points on the inspiratory phase of respiration on two consecutive breaths. The computer also performed additional pattern recognition primarily concerned with artefact rejection.
Each 24 hour recording was processed in consecutive nonoverlapping time epochs of roughly 100 seconds. Thus the 24 hours of data were characterised by an equispaced series of data values which could be plotted in the form of a "trend plot" (fig I) . This process is fully described elsewhere.'; Further data reduction was necessary in order to make comparisons between infants.
The following variables were measured: average time interval The data were analysed using a microprocessor based version of the Sheffield respiration analysis system.6 The R waves in the electrocardiogram were detected using an electrocardiographic trigger and the R-R interval determined using a clock and counter. The R-R interval was represented by a 10 bit binary word, and for data replayed at 60 times real time the frequency of the clock is 30 kHz. This 10 bit word together with the respiratory waveform were input to the computer, sampling at 1 2 kHz for data replayed at 60 times real time. Both the clock used to determine the R-R interval and the one used to control the sampling of the data were derived from a 60 Hz clock recorded on the original analogue tape to compensate for any between breaths, variability of the time interval between breaths, average instantaneous heart rate, and variability of the instantaneous heart rate.
Average timie interval between breaths and average instantaneous heart rate-The median value for each variable was determined for all 100 second non-overlapping tirne epochs throughout the recording. An average value for the entire recording was then obtained by calculating the arithmetic mean of the median values.
Variability of time interval between breaths and instantaneous heart rate-The interquartile range of the variable for each epoch was calculated. (The interquartile range is that range of values that lies between the 25th and 75th centile points of the distribution.) An average value of the variable for the entire recording was obtained by calculating the arithmetic mean value of the interquartile ranges over all the epochs analysed.
The three major postnatal age groups of the controls were divided into five subgroups so that maturational changes could be reflected more accurately ( variable between the median ages of the groups considered. Thus a set of maturational graphs were constructed against which infants of any age within the age range of the control group could be compared. There were 22 recordings on 16 infants who subsequently were victims of the sudden infant death syndrome. In six of the infants two recordings were made. Since the number of infants for whom two recordings were available was small, statistical analysis was based on the first recording in each case. In one of the 22 recordings-the only one on the infant concerned-the amplitude of the respiratory waveform was below the minimum threshold used by the breath detection routine for much of the recording and thus an adequate estimate of the average breath to breath interval and breath to breath interval variability could not be obtained. Statistical results are therefore presented on 16 cases for instantaneous heart rate measurements and 15 cases for breath to breath interval measurements.
The numbers of cases of sudden infant death syndrome lying above the 95th centile or below the 5th centile were studied. This analysis provides a method of investigating the number of cases that might be considered to be outside the normal range. If these are found to be different from that expected by chance alone then this might form the basis for developing a discriminant function. Statistical significance for this part of the analysis was assessed using Fisher's exact probability tests.
In order to make a group comparison between the sudden infant death syndrome group and the controls the Wilcoxon rank sum test was used, suitably adjusted for age stratification. Since this is a non-parametric test using data from several different age groups it was impossible to study the magnitude of any group differences. For the time interval between breath measurements and for the instantaneous heart rate variability the age groups used were 2, 3, 4-6, 7-9, 10-15, 16-18, 19-39, 40-47, and 48 days and over. For the average instantaneous heart rate the age groupings used were 2, 3, 5, 6, 8, 10-15, 16-18, 19-39, 40-47, and 48 days and over. This second grouping was necessary to accommodate the very rapid rise in heart rate during the first few days of life. group ( fig 5) showed a positively skewed distribution with little change in the median values with age. There was a trough in the 95th centile at around 10 days of age and then a small peak at around 21 days of age. Two of the first recordings on infants in the sudden infant death syndrome group showed values above the 95th centile. One of these two infants exceeding the 95th centile at 3 days of age was completely outside the range of the control population. Manual analysis of this recording showed that most of the respiratory activity was periodic breathing8 and that the high average breath to breath interval variability reflected this. Summary 
Results
Figures 2 to 5 plot the results for the four factors studied, giving the 5th, 50th, and 95th centiles of the distribution for the control groups together with the results for the sudden infant death syndrome cases plotted as single measurements identified by a code number.
The average instantaneous heart rate in the control group (fig 2) showed a rapid rise during the first eight days of life followed by a slow fall. Figure 2 shows that in the sudden infant death syndrome cases only one recording (a second recording) fell above the 95th centile and only one (a first recording) below the 5th centile.
The instantaneous heart rate variability in the control group ( fig 3) taken at two week intervals," a similar peak in the heart rate was found at between 4 and 6 weeks of age. Neither study ,ults. Fifth, 50th, and 95th identified the very rapid rise in heart rate which we observed during the first few days of life. Richards et al also found a rapid rise in heart rate during the first few days of life when the heart rate was measured during periods of regular breathing.9
The changes in instantaneous heart rate variability that we found in the control group have been reported by others."'9
The average time interval between breaths in the control group showed a gradual rise with age, which agrees with the finding of Franks et al. ' We found little change in the median value of variability of time interval between breaths in the control group. There was a slight peak in the 95th centile at 95th around 21 days of age. The most probable reason for this is that there was a peak in the incidence of periodic breathing at noS50th around that time9 which would in turn produce an increase in and, therefore, this does not provide a specific method of predicting which infants will go on to die of the syndrome.
A major problem in comparing our results with those of other workers is that many have analysed the data in terms of the "sleep states." The differences seen in heart rate and its variability' and respiratory rate and its variability,3 however, exist in all stages of sleep and therefore it might be expected that our approach would identify differences if these were present. It has been shown that the periodicity of sleep states is different in subsequent siblings of infants with sudden infant death syndrome'3 and it is possible that differences in rate and variability did exist in the cases studied here but were masked by differences in the organisation of the sleep states. It is not possible to "sleep stage" simple cardiorespiratory recordings directly. This has to be done indirectly using normative data collected in a similar manner but which include the electroencephalogram and electro-oculogram. Mason et al showed that the heart rate and heart rate variability probability density functions are different in different sleep states and that these could be used to classify sleep state." The major problem with that approach, however, is that the variable being studied is also being used to classify the data, which in turn may mask differences.
Our findings suggest that the simplest of indices of respiratory rate, respiratory rate variability, heart rate, and heart rate variability measured over 24 hours are of little value in discriminating between infants who go on to be victims of the sudden infant death syndrome and control infants. There may, however, be a group difference, with the cases of sudden infant death syndrome showing a higher mean instantaneous heart rate than the controls. Introduction A substantial proportion of chronic alcoholics and even heavy social drinkers have been shown to have brain shrinkage by neuroradiological techniques including pneumoencephalography' and computed tomography (CT).2 --Some of this shrinkage may be reversible after prolonged abstinence from alcohol.5 6 There are associated cognitive defects,7 and a more generalised global dementia may relate directly to chronic alcohol abuse.8 Few objective neuropathological data are available to explain these changes, although studies of brain weight show that alcoholics have a lower mean brain weight than normal.9 1" Brain weight is an unsatisfactory measurement, however, since it varies considerably from person to person.'" As a result of the development of a relatively simple technique for measuring intracranial volume at necropsy using polyurethane foam casts"2 we have been able to derive accurate quantitative data on the volume of brain tissue lost in chronic alcoholic patients.
Brain volume (BV) bears a constant relation to intracranial volume (ICV) in normal adults.'3 The pericerebral space is an expression of this relation and is calculated (as a percentage) as: (ICV BV)/ICV (-100). Any decrease in brain volume is reflected by an increase in pericerebral space and vice versa, since the intracranial volume remains constant throughout life.
The mean pericerebral space was 8 3"/, in 44 controls and 1133% in 25 alcoholic patients.' The loss of brain tissue appeared to be
